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Studies on components and processing properties of Uitdoria pinnatij7do.
    In Japan and South Korea, U pinnatij}da (Japanese name: wakame) is commonly
used as food. (Z pinnatij7cia is characterized by its unique texture and taste, which are
infiuencedbymeansofprocessin.oandcookiRgmethods. Worldwidecultivationof(Z
pinnatij7da started in the mid-1960s. From 1971 to 1995, the annual production
amount of cultivated (LL pinnatijidn exceeded 88,OOO t. Then it has gradually
decreased, and annual preduction in 2006 was 58,300 t. Since the total annual
domestic demand fbr U pinnatificia has been approximately 350,OOO-400,OOO t in recent
years, the shortfaII is imported from China and South Korea.
    Iwate Prefecture is one of the impertant U pinnatijicin cultivation area in Japan,
and its atmual production amount occupied 46% (27,OOO t) in 2006, fo11owed by Miyagi
Prefecture occupied 319x6 (l7,900 O. In Japan, boiled and salted U pinnatij7da is a
main product iR Sanriku region which includes Iwate and Miyagi Prefectures. This
product was processed according to the traditional method as fbllows: a fresh seaweed
was cleaned, boiled in seawater at 80-90℃ fbr 30-60 s, and cooled in cold seawater.
After draining, the seaweeds were mixed with coarse salt (NaCl) at a proponion of40%
to the weight ofboiled seaweed, and kept in a tank for 1-2 days. After salted sainples
were dehydrated fbr a short time, the leaf and stalk of them were separated manually.
These leaves were dehydrated until their moisture became less than 60%.
    FrequeRtly boiled and salted U pinnatij7du is further processed to dried cut U
pinnatij7du (well lmown commercial name in Japan is "Cut Wakame") by removal of
NaCl with water, cut to small pieces and dried. The production of dried cut U
pinnatij7da increased in recent years due to the convenieRce. Additionally, the outputs
of stalk and sporophyll products of U pinnatdicki are increased d=e to the pregress of
human health consciousness. Up to 1970s, the most common rnethod to process U
pinnatij7da was dried (with ash), and the quality of the products is well reported by
many researchers. However there are few reports available te describe the properties
ofboiled and salted U pinnatij1du.
    In order to improve the quality of the products, the properties of their components
and factors which afifect the quality of U pinnatij7da were investigated. To iRvestigate
the physicochemical properties of boiled and salted U pinnatijicia during processing,
the samples from different places were boiled in NaCl solution and soaked in several
organic acid solutions. For the purpose of enhancing of the shelf life of boiled aRd
salted U pinnatij7dd product and shortening the salting time of beiled U pinnatij}du,
their physicochemical properties were evaluated.
    In chapter 1, rrioisture, total polyphenol and pH ofleaL stalk and sporophyll ofraw
Cl pinnatijicla were analyzed. Among the free amino acid (FAA), alanine, glutamic
acid, glutainine, proliRe and glycine showed higher concentration than other amino
acids, particularly the sum ofalanine and glutamic acid occupied mere than 509!6 ofthe
total amount ofFAA. In raw sporophyll, the contents oftotal FAA, extracted nitrogen
aRd total polyphenol were more abundant than leaf and stalk.
    Free amino acids of U pinnal'ij}cla, processed in various ways were analyzed. In
the leaC U pinnatijlda further products fi'om boiled and salted oRe showed significantly
smaller content oftotal FAA thanjust dried or boiled (1 pinnatijicla products. In the
stalk, freezing process did not reduce the total FAA content, however it decreased in the
lea£ In sporophyll products, the elution of FAA was promoted by boiling treatmeRt.
The taste of U pinnalij}du product must be affected by the total arriount of FAA, and
depending on the parts of U pinnatij}da, the effbct of processing was different.
    In chapter 2, the effective storage condition to keep the quality of raw Ll
pinnatij7da in consideration of the large scale production of boiled and salted product,
and to proloRg the shelflife ofraw U pinnatij7da were investigated. Changes in the
contents of chlorophyll a (Chl a) and its derivatives, P-carotene, pH, molecular weight
of alginate and molecular weight distribution were determined duriRg storage ofraw (1
pinnalijidu. The conditions of cold storage at -3-70C with air or 02, storage in
seawater, and storage in slurry ice rnade of seawater were tested. Chl a and B
-caroteRe contents, and the pH of U pinnatijicla were decreased fbllowing the iRcrement
of storage days. Significant decreases of Chl a content and molecular weight of U
pinnatefidn were detected under cold storage especially at 70C with air. The storage
by icing in slurry ice at -2.6℃ and by super chilling at -3℃ inhibited the degradation
ofChlaand B-caroteneofrawUpinnatij7da. ThecontentofpheophorbideaorpH
were recognized as useful factors to evaluate the quality and freshness of raw U
pinnatptda.
    In chapter 3, to elucidate the effbcts of simple processing on boiled and salted U
pinnatij7cla as food, several methods were applied to U pinnalij7du. IR this study, 1)
boiling in the NaCl solution or 2) soaking in acetic acid, 3) calcium lactate or 4) sodium
gluconate solution were perfbrmed for U pinnalijicla. After processiRg as mentioned
above, dietary fiber contents, breaking strength and molecular weight of extracted
alginate were measured. Breaking strengths and insoluble dietary fiber conteRts
decreased as boiling time increased in all samples. Breaking strength of U pinnatijicia
after calcium lactate treatinent was higher than sodium gluconate treated sample.
Molecular weight of alginate was not affected by processing, except for heating
treatment. Since wild U pinnatijidu had the thick leag the breaking strength ofboiled
aRd salted product presented the maximum value compared with others. We supposed
that wild LL pinnatij1du was suitable for the cooking with heating. Our results indicate
that processing methods other than heating primarily affect the texture of U pinnatijicla
products.
    Chapter 4 was fbcused to study the salting condition ofboiled U pinnatij7cla. To
store the boiled and salted U pinnatijicia, salt content of the product should be enough
to avoid microorganism growing for the safety. In the fust step, boiled and salted U
pinnatij7du were stored at 8℃ fbr 4 months under aerobic condition. All products
(n==4) with water activity (a.) presenting rriore than O.79 had microbiological coloRies
after 1-4 months. No microbiological colonies ofthe products with a. presenting less
than O.76 were observed. In the second step, the physicochemical properties ofboiled
and salted U pinnatij}da and Laminaria religiosa were analyzed.
    There was a negative correlation between a. and NaCl contentlrrioisture (r =
-O.903 for U pinnattfidu and -O.793 fbr L. religiosa). Therefbre, easy and speedy
measurement of a. by a apparatus of both products is more effective, compared with
moisture and NaCl content measurements. Boiled and salted (1 pinnatijida processed
by the rriethod, recorrimended by the Iwate Prefectural Federation of Fisheries
Cooperative Associations (JF Iwategyoren), showed a. of less than O.76 and NaCl
content of more than 18.0%, respectively.
    To shorten the processing time and to have unifbrin quality of seaweed products,
saltiRg method in the saturated solution was perfbrmed in this study. When soaking (LL
pinnatdidn aRd L. religiosa in saturated NaCl solution, it took 48 and l8 hours to have
enough low a.. It took only 1 hour to reach a. of O.75 in saturated NaCl solution with
mechanical stirring. We tried to scale up the mechaRical equipinent ofseaweed salting,
the machine size fbr 300 kg seaweed treatment showed practically geod aspect to
reduce the cost and time. This salting method with mechanical stirring is now applied
for the patent to the PateRt Office ofJapan.
    From this study, the total amounts ofFAA of sporophyll ofraw U pinnatijicla were
higher than other parts, and their seasonal changes were not observed. Boiling treatment
promoted the elution of FAA from seaweed. Super-chilling storage of raw U
pinnatij}du can prolong the shelf life, partict}larly the storage by icing in slurry ice at
-2.6℃ and by super chilling at -3℃. The physicocheinical properties of boiled and
salted (1 pinnatij}do, such as heating in NaCl solution and soakiRg in various organic
acid solutiens, were infiuenced by the thickness of the leaf. The salting machine
development is effective for shortening the processing time of boiled and salted U
pinnatijidn aRd L. religiosa products. The infbrmation obtained from this study will be
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Table 1.3 Free amimo acids, extractive nitrogen (EN) aRd EN recovery in extracts, aRd the vallles
oftotal polyphenol, moisture, pH ofthe Ieafof I]hdariapinatijida from Miyako in Japan
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Wet weight (g)222 ± 13.5 117.9 ±44.3 15e.6 ±19.e
Each value was expressed as mean ± standard deviation (n = 3).
























































































































































































































































































































































































































































































































































































































































































































































































Table 1.6 Free amino acids, extractive nitregeit (EN) and EN recevery in extracts, aRd tke values
eftotal polypheRol, moisture, pff ofthe leafof URdaria pinatifida frem Otsuchi in Japan
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Wet weight (g) 11.6± 1.7a 68.e± 7.6a l69.6 ±46.9b
Each value vvas expressed as mean ± standard deviatien (n = 3).


























































































































































Mois旬re（％） 93．0　士0．5 86．8　±　蓋。6 93．4　圭0．3 93．2　：ま＝　1．2 95．2　圭0，8 94．4　±　藍．董
冠aci董v謎1纏e　w訊s　expressed鋤s擶ea織士sta謎dard　devi飢ion（n嵩3）．
一，醤ot　detected．
?Table l.8Free amino aeids in extracts ai}dthevaluesofmoistareofthevariousproduetsofUndariupinatij7da
(mg/leO g dry matter)
Boiled and salted UL pinatij7da
form Iwate
Boiled and salted tL pinatptda
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TeTAL l29 ± 11 i26,l l3 l68 ± 63 165 ± 17
Moisture (9'6) 94.2 ± e.5 94.3 ± e.9 96.5± e.s 9S.2 ± O.7
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Fig. 2-1. Changes of chlorophyll a content of ravv UL pinnatij7du during sterage under
following cenditions: at e℃ (A) or 7℃ (A) with air (A), in seawater crushed ice at -2.6 ℃
(O) or at -3℃ (e) with air (B), at O℃ witk 02 (cr) or in seawater at e℃ (M) (C), and in
seawater at -3℃ (<>) or at e℃ (aj) (D). Each value vvas expressed as means ± S.D. (n =5).
Vizilues within the same figure followed by different superscript letters are significantly
dithrent (P < e.05).
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Fig. 2-2. Changes of pheophorbide a content of ravv I7: pinnatipda during storage under
follewing conditions: at e℃ (A) or 7℃ (A) with air (A), in seawater crushed ice at -2.6 ℃
(O) or at -3℃ (e) with air (B), at O℃ with 02 ([]) or in seawater at O℃ (X) (C), and in
seawater at -3℃ (<>) or at O℃ (e) (D). Each value was expressed as means h S.D. (n==5).
Viilues within the same figure foIlowed by differe"t superseript letters are significantly
diffbrent aD < e.05).
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Fig. 2-4. Changes of B-caretene content of ravv UL pinnatij7da during storage under
foIIowing conditions: at O℃ (A) or 7℃ (A) with air (A), in seawater crushed ice at -2.6 ℃
(O) or at -3℃ (e) with air (B), at O℃ with 02 (O) or jn seawater at e℃ (g) (C), and in
seawater at -3℃ (<>) or at O℃ (e) (D). Eaeh value was expressed as means ± S.D. (n :5).
Values within the same figure followed by diffk)rent superscript letters are significantly
dithrent (P < O.05).
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Fig. 2-6. Chaltges of molecular weight of extracted alginate of raw U: pinnatgtido during
storage under following conditioRs: at O℃ (A) er 7℃ (A) with air (A), in seawater crushed
iee at -2.6 ℃ (O) or at -3℃ (e) with air (B), at O℃ with 02 ([]) er in seawater at O℃ (pt)
(C), and in seavvater at -3℃ (<>) or at O℃ (e) (D). Each value was expressed as means ±
S.D. (n :5). Values within the same figure followed by differeRt superscript letters are
significantly different (P < O.05).
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Fig. 2-7. Changes of molecular weight distributioR (MwfMn) of extracted alginate of raw (7:
pinnatijitla during storage under following conditions: at O℃ (tCx) or 7℃ (A) with air (A), in
seawater crushed ice at -2.6 ℃ (O) or at -3℃ (e) vvith air (B), at O℃ with 02 (U) or in
seawater at O℃ (X) (C), and iR seawater at -3℃ (<>) or at e℃ (e) (D). Each value was
expressed as means ± S.D. ("--5). Vatlues within the same figure fbllowed by diffbrent









































































































































































































































































































































































Table 3-1.Moisture, ash, salt contents and thickness of boiled and salted U pinnatipdo
                                                      (mean ±S.D.)

















 9.1 ± O.2a
19.1 ± o.oa
1 9.1 ± O.2a
o.1 6 ± o.osa
O.43 ± o.osb
o.s4 ± e.osc
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Fig. 3--1. The measuring part of breaking strength and thickness of beiled and
pinnatijida.
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Fig. 3-2. Correlatien between breaking strength aRd thickness ef boiled and salted U:
pinnatb6da from the local market (n =23). Breaking strength was measured after soaking in
clean seawater within 5 s.
N, boiled and salted LL pinnatijida cultured at China; e, boiled and salted U: pinnatijido
eultured at Iwate; A, boiled and salted U pinnatij7da harvested in Iwate.
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Fig. 3-3. Changes in dietaiTy fiber contents of UL pinnatijlda by boiling in 1% NaCl solution
fbrO-60 min (A), by seaking in 5% acetie acid fore-24 h (B), by soaking in 5% calcium lactate
fbr e-5h (C), and by soaking in 59x6 sedium gluconate fbr O-5h (D). Each value vvas expressed
as mean ± standard deviation (n = 3). Values within columns followed by different superscript
letters are significantly different (P < e.e5) within the same figure.
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Fig. 3-4. Changes in breaking streilgth of UL pinnatij}da by boiling in
e-60 miil (A), by soaking in 5% acetic acid fbr O-24 h (B), by soaking in
O･-5h (C), and by soaking in 5% sodium gluconate solntion for e-5h (D).
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Values vvithin columns follovved by differeAt superseript letters are significantly different (P <
e.05) within the same figure.
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Fig. 3-5. Changes in molecular weight of alginate of U: pinnatij7do by boiling in 1% NaCI
solution for e-6e miR (A), by soaking in 5% acetic aeid for O-24 h (B), by soaking in 5%
calcium lactate for O-5h (C), and by soaking in 5% sodium glueonate for O-5h (D).
Each value was expressed as mean ± standard deviation (" :3).
Values within eolllmns foIIowed by difurent superscript letters are significantly different (P <
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Specification ofsmall-sized original salting machine.
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Fig. 4-2. Speeification of large-sized eriginal saltiRg machine. With the fburth ehapteq the





















































   l"""'fgepm-MN.inbe".N
   tt
.I'.-......-..ll., as
 pt-----･-･ -･ -l･i :t"(i
..,, s･"gX,1         s
       /
wg' w.-/
ttN..U"
                r.)      fi ･･--c･-;I
.-'$xwwk <y
      Iill
      ,ll s 'f      e}e l






su ...............-.............v-      tt .t tt.
          tilv.
  ･-' ..,..,Y.'- Cts        ." -lp .",. ".          s･.
;/ ?:' r"sc.    lil
    il
    li  -ttttttne"  lgeII
    1/ l  iil
    l･]    l   'tt















































    l,
R. es. k .ee
  .crs.---･--･･?
            I t.'tt ""'mev-     ' MtttttttVtw  t. "-.v .-t. N!lo    ...fkttltt･f'"'l..,..../; 'Xx.





























..... "   l   l   i   I   i   l
  i/';･l
  .t･'I








   i' l.....
   I･















           ii'
........:T.t..ua....'fttr/r.w.r':.rr"Tri.......i'
           i
           l













t lttttttttttmtttmut imt wwewtttumvny
Fig. 4-3. Specificatien of medium-sized original salting machine.
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Fig. 4-4a. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
bluelred absorbance ratio (E) in the extracted pigment and abserption spectra (F) in the
extracted pigment, ef boiled and salted U: pinnatij7do which were eemprised of Iow (less than
O.76, sample 5-8) and high (more than O.79, sample 1-4) water activity samples during storage
at 8℃ fbr 4 menths after packing in polyethylene bags under aerebic cendition. Eaeh valu
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Fig. 4-4b. Changes in raoisture eontent (A), NaCl centent (B), water activity (C), pH (D), the
bluelred abserbance ratie (E) in the extraeted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted U: pinnatijido which were comprised of low Gess than
O.76, sample 5-8) and high (more than O.79, sample 1-4) water activity samples during storage
at 8℃ fbr 4 menths after packing in pelyethylene bags under aerobic condition. Each value
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Fig. 4-4e. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
bluelred absorbance ratio (E) in the extracted pigment and absorptiofi spectra (F) in the
extracted pigment, of beiled aRd salted l7L pinnatijido which were eomprised of low (less than
O.76, sample 5-8) and high (more than O.79, sample 1-4) water activity samples during storage
at 8℃ for 4 menths after packing in polyethylene bags under aerobic cenditien. Each value
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Fig. 4-4d. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
bluelred absorbance ratio (E) in the extracted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted UL pinnatijida which were eemprised of low (less than
O.76, sample 5-8) and high (more than O.79, sample 1-4) water aetivity samples during storage
at 8℃ fbr 4 months after packing in pelyethylene bags under aerobic condition. Eaeh va}lle
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Fig. 4-5. Changes in meisture, NaCl content and water activity of beiled and salted U:
pinnatijidth
A: U: pinnatij7da was salted with le-50`l!6 NaCl (wtw), and dewatering process was for 12emin.
B: U: pinnatijidu was salted with 2e% ef NaCl (w/w), and dewatering process was fbr
15-180min.
C: UL pinnatipde was salted vvith 40% of NaCl (wlw), and devvatering process was for
15-180min.
Values were expressed as means ± standard deviations (n = 3). Values within columRs
followed by different superscript letters are significantly different (P < O.05) within the same
figure. M,meisture; -,NaCI; A,wateractivity (asy).
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Fig. 4-6. Relatien between moisture and sodium chloride (NaCl) content (A and E), water
activity (a,v) and meisture (B and F), a,, and NaCl content (C and G), and NaCl content 1
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Fig. 4-7. Changes in moisture (A), NaCI content (B) and water activity (C) of boiled and
salted l7: pinnatijida and L. retigiosa during salting vvithont stirring (O rpm) in saturated NaCl
solution. Each value was expressed as means ± standard deviations (n = 3). Viilues follovved
by diffbrent letters are significantly diikrent (P < O.e5) within the same fig"re.
A to C: Samples were treated in various solution ratio to sample ratie.
-, e rpm- UL pinnatij7do (solution to sample ratie 26:1, w/w); e, e rpm- L. reti.oiosa (26:1,
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Fig. 4-8. Changes in moisture (A), NaCl eontent (B) and water activity (C) of boiled and
salted U: pinnatijida and L. retigiosa during salting with stirring (38-62 rpm) in saturated
NaCl solution by means ofsmall-sized salting machine. Each value was expressed as means
± standard deviatiens (n = 3). V2Iues foIlowed by diffk)rent letters are significantly different
(P < O.05) within the same figure. A to C: All samples were treated in the same solution te
sample ratie at 13:1 (wlw).
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Fig. 4-9. Changes in meisture (A), NaCl content (B) and water actiyity (C) of boiled and
salted U: pinnatijide during saking with stirring in saturated NaCl solution by means of
large-sized aild medium-sized salting machines (salting conditien of large-sized salting
machine; stirring speed was 8e-92 rpm and solution to sample ratio 4:1 (wXw), salting
cenditien of medium-sized salting machine; stirring speed was le4 rpm and solution to
sample ratie 5:1 (wlw)).
Each values were expressed as means ± standard deviations (n = 3). Values vvithin columns
followed by diffbrent sllperseript letters are significantly dithrent (P < O.05) within the same
figure.
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総　　括
　ワカメ（θ1η4αr∫αp伽α峨4α）は日本，朝鮮半島および中国の一部を含む極東アジア海域
特有の常食される海藻である（西澤，2006）。養殖ワカメの国内生産量（5．8万トン，原藻
換算値）の約80％（4．5万トン）を占める岩手および宮城県で生産される三陸ワカメは，
生産者の高齢化の進行や後継者不足のために，その生産量は次第に減少している。この三
陸ワカメは世界ブランドとしての地位が確立している。しかし，養殖ワカメの世界最大の
生産国は中国であり，1999年以降は日本における国内生産量の約4倍（原藻換算値）のワ
カメ製品が日本に輸入されている。生産量が国内最大の三陸ワカメは，中国産ワカメの輸
入量の1／4以下であり，三陸ブランドを維持するためには現在の生産水準を維持していく
必要があると考えられる。三陸地域におけるワカメ養殖の個人経営的な生産体制では，今
後の生産量の維持は困難であり，中国と同様の企業化や協業化，および効率的な養殖ワカ
メの収穫および加工システム等の研究が行われている（長谷川，2006；長谷川と鈴木，2005；
井上ら，2004；濱田ら，2001；宮田，2003；宮田と婁，2004）。国内で最も生産量の多いワ
カメ加工品である湯通し塩蔵ワカメの製造は，三陸地区では生産者による自家加工が多い。
自家加工では，厳寒期の深夜から早朝の生ワカメが収穫され，その後，原藻選別後に湯通
し塩蔵加工が行われ，概ね午前中でそれらの作業は終了する。翌日には塩漬タンク内に生
じた塩水で塩粒を洗い落とし，脱水後に芯抜き作業が行われ，箱詰めして漁協を通じて出
荷される。岩手県では3～4月の約1ヶ月にその作業が集中し，収穫期は深夜を問わず製造
および出荷作業に追われ，早春にも関わらず氷点下となるこの時期に，非常に過酷な労働
環境の中で三陸産の湯通し塩蔵ワカメは生産されている（長谷川と鈴木，2005）。
　こうした社会背景から三陸ワカメブランドを守るための一助とすることを目的として，
ワカメの成分および加工特性に関する研究を行った。三陸ワカメの最大の魅力は，肉厚で
弾力があることと（小野寺と坂下，2003），輸入品よりも色調や葉状体の形態に優れること
であるが（佐藤，2002），これらに関する科学的知見は極めて乏しかった。また，湯通し塩
蔵ワカメを1日で100トン製造する大規模；な加工場では，大量処理における色調の劣化と
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いう問題を抱えており（長谷川と鈴木，2005），本研究ではその解決策を探った。湯通し塩
蔵ワカメ等のワカメ加工品の高品質化を図るために，生ワカメの貯蔵性や遊離アミノ酸組
成などの原料特性を把握し，主要なワカメ加工品である湯通し塩蔵ワカメを試料として，
塩水中での加熱および酢酸溶液等の浸漬による加工を行い，産地の相違による食物繊維量
や破断強度を比較した。漁協から出荷される湯通し塩蔵ワカメ製品の塩分が不均一である
ことから，製品塩分の均一化を図る新しい塩漬法について検討した。さらに，生産現場に
おいて湯通し塩蔵製品の塩分測定に代わる水分活性の迅速測定の有効性を検証した。
　第1章では，岩手県沿岸で養殖された生ワカメの部位毎の遊離アミノ酸組成を調べ，そ
れらの加工品や加工原料と比較した。生ワカメの遊離アミノ酸の総量は，葉状体や中肋で
は1100～3100mg／100　g　DMと類似していたが，胞子葉（メカブ）では3000～4500　mg／100　g
DMと葉状体や中肋よりも多かった。ポリフェノール総量は，葉状体では770～1820μ
mol／100　g　DM，中肋では350～800μmol／100　g　DM，胞子葉では3840～7990μmo1／100　g　DM
であり，部位毎に差が認められ，胞子葉は葉状体や中肋よりも味は濃厚であるが，渋味が
強いことが示唆された。加工段階において湯通し工程のあるワカメ加工品の遊離アミノ酸
の総量は少なく，素干しワカメや湯通しワカメの遊離アミノ酸総量は多かった。加熱およ
び水戻し後のワカメ加工品の遊離アミノ総量は，葉状体よりも中肋に多い傾向が認められ
た。冷凍生ワカメ中肋の遊離アミノ酸総量は760mg／100　g　DMと素干しワカメと同様に多
いことから塩蔵品よりも味が濃厚であると考えられた。ワカメの既存製品の有効利用を図
ることと，味の良い新規加工品を開発するには，ワカメの遊離アミノ酸以外の謄写成分を
明らかにすることが残された課題であると考えられる。
　第2章では，生ワカメの最適な保管法および貯蔵法を探るために，一3～7℃含気貯蔵，0℃
海水浸漬貯蔵，0℃酸素封入貯蔵，一2，6℃海水スラリー氷浸漬貯蔵，一3～0℃海水浸漬酸素封
入貯蔵を行い，Chl　a含量，　Pheide　a含量，　Phy　a含量，β一カロチン含量，　pH，アルギン酸
の分子量およびその分子量分布を調べた。その結果，Chl　a含量とβ功ロテン含量の減少，
およびPheide　a含量の増加から，生ワカメは低温貯蔵が鮮度保持に適していることがわか
った。海水浸漬貯蔵では低温貯蔵でも鮮度保持効果は認められなかったが，海水スラリー
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氷浸漬貯蔵では顕著な鮮度保持効果が認められた。本章に結果から，生ワカメの貯蔵は含
気貯蔵，酸素重点貯蔵および海水スラリー氷浸漬貯蔵が適し，一2～一3℃の貯蔵温度が有効
であるとことがわかった。特に，海水スラリー氷浸漬貯蔵では，貯蔵9日後に生ワカメを
加熱しても著しい風味の劣化や緑色の劣化は認められず，従来の消費期限を倍増させるこ
とができた。生ワカメの鮮度指標として，pHやPheide　a含量を調べることが有効であり，
生産現場での活用が期待された。残された課題として，ワカメ加工品の色調の高晶質化に
とって，貯蔵中における生ワカメ藻体の色素変化および車体の酸性化に関するメカニズム
の解明が必要であると考えられる。また，生ワカメ貯蔵中における呈味成分や栄養成分の
変化を詳細に調べ，用途に応じて最適な貯蔵法を選択することが望ましい。
　第3章では，産地および生育環境が異なる湯通し塩蔵ワカメを試料として，1％塩水中で
の加熱や，酢酸乳酸カルシウムおよびグルコン酸ナトリウムの各5％溶液中での浸漬を
行い，食物繊維量，破断強度およびアルギン酸分子量を測定した。その結果，加熱時間の
増加により全試料において破断強度および不溶性食物繊維含量が有意（P〈α05）に減少し，
アルギン酸の分子量は天然ワカメにおいて有意（P＜0．05）に減少した。有機酸処理では水
溶性および不溶性食物繊維含量，アルギン酸の分子量は有意な変化を示さなかったが，天
然ワカメの破断強度は，乳酸カルシウム処理で有意（P＜α05）に増加し，グルコン酸ナト
リウム処理で有意（P＜α05）に減少した。本章により，ワカメの食感は容易かつ安価に調
整できることがわかり，葉状体の厚い天然ワカメにおける変化が大きかった。また，天然
ワカメの破断強度は養殖ワカメよりも有意に高く，1時間の加熱後でもその傾向は変わら
ないことから，天然ワカメは養殖ワカメよりも加熱調理に適していると考えられた。一方，
葉体の薄い中国産ワカメは，破断強度が低いので食下を重視しないスープ等への利用に適
し，食感が重視されるサラダ等には岩手産養殖ワカメが適していると考えられた。湯通し
塩蔵ワカメの加工特性においては，中国に次いで生産量が多い韓国産や三陸ワカメに次い
で生産量が多い徳島産等の他産地との比較を行い，それらの加工特性に基づいた製品の有
効利用を図ることが残された課題であると考えられる。本章では湯通し塩蔵ワカメの葉状
体を試料としたが，加工用原料として重要な中肋の湯通し塩蔵品についても加工特性を把
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握することが必要であると思われる。さらに，酢酸処理では素干しワカメを用いた従来の
試験結果（佐藤と佐藤，1977b；芝ら，1984）では，破断強度が高くなり，不溶性食物繊維
含量が増加すると報告されており，湯通し塩蔵ワカメを試料とした本章の結果と大きく相
違したことから，今後，それらの原因を解明する必要があると考えられる。
　第4章では，ワカメの塩漬および脱水条件の検討，市販湯通し塩蔵ワカメおよびコンブ
の水分，塩分および水分活性に関する科学的調査，飽和塩水を用いた湯通し海藻の塩漬条
件の検討および海藻の高速撹｛牛型塩漬装置の開発および実用化の検討を行った。その結果，
市販の湯通し塩蔵ワカメやコンブ製品の水分，塩分および水分活性は不均一であり，水分
活性の高い湯通し塩蔵ワカメの保存性が劣ることを明らかにした。湯通し塩蔵製品の保存
性や，塩分含量が適切かどうかの判断指標として，水分活性の有効性が示唆され，保存性
に優れた湯通し塩蔵ワカメおよびコンブ製品の水分活性はα76以下にする必要があると
考えられた。湯通し塩蔵ワカメおよびコンブの従来製法における塩漬時間は1～2昼夜と長
時間を要していたが，飽和食塩水中で擬神型塩漬装置により撹拝しながら塩漬すると，両
海藻とも1時間で水分活性は0．76以下となり，市販の高塩分製品と同等であった。よって，
撹搾塩漬法は，湯通し塩蔵品の製造期間を大幅に短縮させ，生産者の労力削減に貢献する
とともに，消費者には保存性に優れた製品が提供されるため，製品の信頼性や安全性が高
まると考えられる。この塩漬装置を普及するためには，帰馬塩漬により製造した製品の破
断強度や栄養成分等を調べ，従来製晶と比較し，製品特性の相違を解明する必要がある。
さらに，塩漬装置の耐久性や生産現場で使用した時の問題点等を把握し，生産者が使いや
すい装置に仕上げることが重要であると考えられる。水分活性による製品の保存性評価法
は，岩手県漁協協同組合連合会（岩手県漁連）には2台導入され，湯通し塩蔵ワカメ製造
期における製晶の品質管理に利用されているが，漁協等への配備は一向に進まない。装置
の価格が障害となっていることから，国産メーカーによる100万円以下の高性能な露点式
の水分滑性計が開発されなければならないと思われる。それに合わせて漁協等の製品の品
質管理出荷に対する意識改革も必要であると思われる。
　本研究から，生ワカメの遊離アミノ酸組成等の成分特性，貯蔵特性および加工特性を明
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らかにした。湯通し塩蔵ワカメの成分および加工特性を調べ，産地，養殖および天然等の
違いより加工特性が異なることを明らかにした。湯通し塩蔵ワカメおよびコンブ製品の保
存性に影響する塩分を測定しなくても水分活性の測定により製品の保存性を迅速評価でき
ことを明らかにした。湯通しワカメを飽和塩水中で擁搾塩漬すると従来の振り塩法と比べ
て極めて短時間で塩漬できることを明らかにした。総じて，ワカメの成分および加工特性
に関する極めて重要な知見が得られたと考える。本研究成果はワカメ加工品の高品質化お
よび高付加価値化に貢献できると考えられ，三陸ワカメのさらなるブランド化を期待させ
るものである。合わせて，撹樺型塩漬装置の開発は，湯通し塩蔵ワカメの製造における省
力化および効率化に寄与することから，今後の実用化が期待される。
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